Objective: To investigate the association of Parkinson disease (PD) with education and occupations using a case-control study design. Methods: The authors used the medical records-linkage system of the Rochester Epidemiology Project to identify all subjects who developed PD in Olmsted County, MN, from 1976 through 1995. Each incident case was matched by age (Ϯ1 year) and sex to a general population control. The authors collected information about education and occupations using two independent sources of data: a review of the complete medical records in the system and a telephone interview. Occupations were coded using the 1980 Standard Occupational Classification. Results: Subjects with 9 or more years of education were at increased risk of PD (OR ϭ 2.0; 95% CI ϭ 1.1 to 3.6; p ϭ 0.02), and there was a trend of increasing risk with increasing education (test for linear trend, p ϭ 0.02; medical records data). Physicians were at significantly increased risk of PD using both sources of occupational data. By contrast, four occupational groups showed a significantly decreased risk of PD using one source of data: construction and extractive workers (e.g., miners, oil well drillers), production workers (e.g., machine operators, fabricators), metal workers, and engineers. These associations with increased or decreased risk did not change noticeably after adjustment for education. Conclusion: Subjects with higher education and physicians have an increased risk of Parkinson disease (PD), while subjects with some occupations presumed to involve high physical activity have a decreased risk of PD.
NEUROLOGY 2005;65: [1575] [1576] [1577] [1578] [1579] [1580] [1581] [1582] [1583] Current evidence suggests that the etiology of Parkinson disease (PD) involves both genetic and environmental factors. [1] [2] [3] Occupation may be a surrogate for a variety of exposures, including toxic exposures, infectious exposures, physical activity, personality, or socioeconomic status. Several studies have reported an increased risk of PD in farmers [4] [5] [6] [7] and in other occupational groups including carpenters, cleaners, metal workers, salespersons, crafts persons, clerks, religious workers, teachers, and medical personnel. [8] [9] [10] [11] [12] However, other studies have failed to confirm these associations. [13] [14] [15] [16] Because of the relationship between occupation and education, several studies have compared the level of education in PD cases and controls. Education is also an indicator of medical awareness and access to specialty care. However, no clear association has been reported between education and PD. 15, [17] [18] [19] [20] A cohort study showed that higher levels of recreational physical activity 10 or more years before are associated with a reduced risk of PD in men. This suggests that higher levels of physical activity are protective against PD, or that men predisposed to PD avoid strenuous physical activity earlier in life. 21 Levels of physical activity are also directly linked to occupation. We conducted a population-based case-control study of education and occupations in incident PD cases and population controls.
Methods. Cases. We used the medical records-linkage system of the Rochester Epidemiology Project to identify all subjects residing in Olmsted County, MN, who developed PD from 1976 through 1995. Details about the study population and the identification of incident cases were reported elsewhere. 22 Our diagnostic criteria included two steps: the definition of parkinsonism as a syndrome and the definition of PD within the syndrome. Parkinsonism was defined as the presence of at least two of four cardinal signs: rest tremor, bradykinesia, rigidity, and impaired postural reflexes. PD was defined as the presence of parkinsonism with all three of the following criteria: 1) No other cause (e.g., repeated stroke with step-wise progression; repeated head injury; history of encephalitis; neuroleptic treatment within 6 months before onset; hydrocephalus; brain tumor). 2) Levodopa response (applicable only to patients who were treated; unresponsiveness required 1 g/day or greater in divided doses and in combination with carbidopa; minimal response was considered unresponsive). 3) No prominent or early (within 1 year of onset) signs of more extensive nervous system involvement (e.g., dementia or dysautonomia) not explained otherwise. 22 Onset of PD was defined as the year in which a cardinal sign of PD was first noted by the patient, by family members, or by a care provider (as recorded in the medical record).
Controls. Each case was individually matched by age (Ϯ1 year) and sex to a general population control residing in Olmsted County, MN, and who was free of PD, other parkinsonism, or tremor of any type in the index year (year of onset of PD in the matched case). The list of all county residents from which potential controls were randomly drawn was provided by the recordslinkage system. 23, 24 This list has been shown to be complete by comparison with a random digit dialing telephone sample, and by comparison with the census. 23, 24 Records of potential controls were reviewed by a neurologist (D.M.M.) to exclude the presence of PD, other type of parkinsonism, or tremor of any type before or during the index year. The presence of dementia or other neurologic diseases was not an exclusion criterion.
Because cases and matched controls were recruited over a 20year period, it was possible that a person selected as a control at one point in time (index year) would later develop PD and be eligible for inclusion as a case in the study (nested case-control study). 25, 26 Although we allowed for that possibility, it did not occur. Further details about the identification of controls were reported elsewhere. 23 Reliability of case or control classification. As part of an ongoing genetic and epidemiologic study, we have invited all surviving PD cases and controls involved in the present study to come to the Department of Neurology at the Mayo Clinic for a standardized evaluation by one of three movement disorders specialists (D.M.M., J.H.B., J.E.A.) between 1996 and 2001. Subjects willing to be examined but unable to travel were examined at their residence. Presence or absence of PD or of parkinsonism was assessed without access to the medical record maintained in the recordslinkage system. We contacted 97 of the 196 cases (49.5%); the remaining 99 were deceased at the time of the study. Of the 97 cases contacted, 59 underwent the examination (60.8%). Fiftyseven individuals originally classified as cases of PD were found to fulfill our diagnostic criteria for PD at direct examination (96.6%); however, two cases fulfilled the criteria for parkinsonism, but the diagnosis by type remained uncertain (3.4%). 23 We also contacted 114 of the 196 controls (58.2%); the remaining 82 were deceased at the time of the study. Of the 114 controls contacted, 58 underwent the examination (50.9%). None of the controls examined was found to be affected by PD or parkinsonism except for one who developed PD approximately 7 years after the index year (and after 1995). 23 Ascertainment of exposures. Information about education and occupation was obtained independently by direct or proxy interview and by review of medical records in the records-linkage system. Data collection via interview followed a structured questionnaire administered via telephone by one of three study assistants specifically trained in administering the questionnaire. The interview was direct whenever possible. For deceased or incapacitated cases and controls, we identified the best proxy available (the first proxy contacted was asked to identify the most knowledgeable person in the family, if other than him-or herself). The study assistants followed a manual of instructions specifying the rules for probing and for handling special circumstances, and were kept unaware of the case or control status of the respondent. Cases, controls, or their proxies were also kept unaware of the specific hypotheses being tested as part of this case-control study. All contacts with study informants requiring knowledge of the case or control status were made by a study coordinator. We collected information about all occupations held for more than 1 year and preceding the years of onset of PD (or the index year). Jobs were coded using the 1980 Standard Occupational Classification (SOC), which includes 820 codes grouped into 21 broader categories. 27 The coding was conducted by the study assistants after the completion of the interview.
Data from the medical records were abstracted by a specifically trained nurse who followed defined abstracting rules. The nurse searched for the best matching SOC code given the information available. 27 Whenever the coding involved some judgment, specific guidelines were defined and were recorded in the abstracting manual. At the time of routine medical contacts, physicians or nurses recorded information about the current occupation (not for research). However, no formal occupational history was ever collected. Therefore, jobs held by subjects while they were not in contact with the medical services were not documented.
Data analysis. We considered four levels of education: less than 9 years of schooling (up to middle school); 9 to 12 years (high school); 13 to 16 years (college); and more than 16 years (any postgraduate). Primary analyses for education used data obtained through medical records abstracting; however, we investigated the agreement between years of education obtained from medical records and from interview using the intraclass correlation coefficient. 28 We investigated the association of PD with groups of occupations as specified by the SOC. 27 In addition, we grouped occupations possibly related to toxic or infectious exposures. 9, 11 Analyses for occupations were conducted separately using information from medical records and from telephone interview. For each case or control, we considered all occupations held for more than 1 year (subjects were allowed to have multiple occupations). However, we also conducted a series of sensitivity analyses in which only jobs held for 10 or more years were considered (only interview data).
For each study variable, we calculated an OR, a 95% CI, and a p value (two-tailed test, alpha ϭ 0.05). Exposures measured through medical records abstracting were available for a larger sample of cases and controls (97% of the initial sample) and were analyzed retaining the matching and using conditional logistic regression. 25, 29 Because of incomplete participation (74% for cases and 64% for controls), exposures based on the telephone interview were analyzed ignoring the matching and adjusting the models for sex and age (age at index year; median cut-off) using logistic regression. 25, 29 We also performed analyses for occupation adjusting for years of education (divided into four quartiles), smoking (ever vs never; using data collected from medical records in a previous study), 30 and type of respondent (direct vs proxy; only for interview data).
Because we found consistently higher incidence rates of PD in men than women in this same Olmsted County population and because occupation varies greatly between men and women, 22 we reanalyzed our data for men and women separately. Data were analyzed using the SAS package. 31
Results. Subjects. We found 202 patients with onset of PD from 1976 through 1995, and these patients were matched by age and sex with 202 controls. However, some cases and controls could not be studied using medical records data and some did not participate in the telephone interview. Figure E-1 (on the Neurology Web site at www. neurology.org) shows the number of subjects included and excluded for each source of data. Information from medical records abstracting was available for 196 cases and 196 controls for a total of 392 individuals (97%). Of the initial 202 cases and 202 controls, six individuals (five cases and one control) did not authorize the use of their medical records for research and the corresponding pairs could not be studied. Of the 196 patients with PD, 121 were men (62%) and 75 were women (38%). The median age at onset of PD among the 196 cases was 71 years (range 41 to 97). We investigated the duration of enrollment in the recordslinkage system for cases and controls; the median enrollment time through the index year was 38 years (range 2 to 73 years) for cases and 38 years (range Ͻ1 to 73 years) for controls (Wilcoxon signed rank test, p ϭ 0.4).
Information from telephone interview was available for 149 cases (49 direct and 100 proxy interviews) and 129 controls (63 direct and 66 proxy interviews). Of the initial 202 cases, 49 declined the interview, 1 could not be located, 3 had no proxy available, and 149 (74%) were included. Of the initial 202 controls, 69 declined the interview, 2 could not be located, 2 had no proxy available, and 129 (64%) were included (see figure E-1).
Education. Table 1 summarizes our findings for education overall and by strata using medical records data. Subjects with 9 or more years of education were at increased risk of PD compared to subjects with lower education (OR ϭ 2.0; 95% CI ϭ 1.1 to 3.6; p ϭ 0.02). In addition, we found an increased risk of PD across four levels of increasing education (test for a linear trend of the log odds p ϭ 0.02; figure) . Findings were similar in men and women. In a multivariate model including occupations found associated with PD (physicians, construction and extractive workers, production workers, metal workers, and engineers; see details below) and smoking (ever vs never), the association did not reduce noticeably (OR ϭ 1.8; 95% CI ϭ 1.0 to 3.3; p ϭ 0.07).
To assess a possible surveillance bias, we first compared differences in lag time between onset of symptoms and diagnosis of PD (diagnostic lag) in subjects with and without higher education (Ն9 years). 32, 33 The median time between onset of symptoms and diagnosis was 1 year (range ϭ 0 to 10) in higher education cases vs 0.8 years (range ϭ 0 to 5) in lower education cases (Wilcoxon rank sum test, p ϭ 0.1). Second, because our incident cases of PD had onset over 20 years (between 1976 and 1995) our findings may be affected by secular trends in education and diagnostic sophistication in this community. However, in analyses stratified by decade of incidence of PD, the OR was 1.9 (0.9 to 4.1), p ϭ 0.1 for the 1976 -1985 decade and 2.2 (0.8 to 5.7), p ϭ 0.1 for the 1986 -1995 decade. Both of these findings are evidence against a surveillance bias.
A secondary analysis for education using data from telephone interview for 149 cases and 129 controls yielded an OR ϭ 1.6 (95% CI ϭ 0.9 to 2.9; p ϭ 0.1; Ն9 vs Ͻ9 years). Information about years of education obtained through medical records abstracting was in excellent agreement with information obtained through a direct or proxy interview (intraclass correlation coefficient ϭ 0.90; 95% CI ϭ 0.87 to 0.92).
Occupation. Of the 820 total possible SOC codes, 222 were represented among our cases and controls using data from medical records and 266 using data from telephone interviews. We compared the distribution of the number of distinct jobs held through the index year by cases and controls using the medical records data. Of 196 cases, 67 had one job, 69 had two, 36 had three, and the remaining 24 cases had four or more jobs. Of 196 controls, two had no specific occupation, 51 had one job, 85 had two, 34 had three, and the remaining 24 controls had four or more jobs.
The distribution by number of jobs was not different in cases and controls (Wilcoxon signed rank test, p ϭ 0.6). Table 2 summarizes our findings for the 21 major SOC groups. Physicians were at significantly increased risk of PD using both medical records data and telephone inter-view data. After adjustment for education (divided in four quartiles), the OR was 2.7 (0.7 to 11.1), p ϭ 0.2 for medical records data and 8.6 (1.0 to 74.5), p ϭ 0.05 for telephone interview data. After adjustment for smoking (ever vs never), the OR was 3.1 (0.8 to 11.2), p ϭ 0.09 (data from medical records). The discrepancy in OR between the two * Analyses of data from medical records abstracting were conducted retaining the matching and were based on conditional logistic regression. † Analyses of data from telephone interview were conducted ignoring the matching and adjusting for sex and age (age at index year; median split) using logistic regression. ‡ All subjects listed in this job category were physicians in our sample. For men, OR ϭ 5.5 (1.2 to 24.8), p ϭ 0.03 with medical records data and OR ϭ 9.0 (1.1 to 72.8), p ϭ 0.04 with telephone interview data. For women, only one control and no cases were exposed with medical records data and no cases and no controls were exposed with telephone interview data. § All subjects listed in this job category were agricultural workers. ʈ All subjects listed in this job category were men. ¶ In sensitivity analyses considering only jobs held for 10 or more years, the OR was smaller than 1.0. OR ϭ 0.6 (0.2 to 1.7), p ϭ 0.3. ** For men, OR ϭ 0.4 (0.1 to 1.7), p ϭ 0.2 with medical records data and OR ϭ 0.3 (0.1 to 1.1), p ϭ 0.06 with telephone interview data.
For women, only four controls and no cases were exposed with medical records data and OR ϭ 1.8 (0.4 to 7.8), p ϭ 0.4 with telephone interview data.
sources of data was due to the incomplete participation of cases and controls in the interview (incomplete overlap of the two samples). Stratifying analyses by type of respondent to the interview, the OR was 5.3 (0.6 to 50.1), p ϭ 0.1 for direct interviews, and the OR was not estimable for proxy interviews because none of the controls were physicians (vs 5 cases; exact binomial probability, p ϭ 0.03).
After adjustment by type of respondent, age, and sex, the OR was 10.3 (1.2 to 85.5), p ϭ 0.03. Among the 11 physicians with PD who were found in medical records data, there were four generalists, two surgeons, and five specialists (from five distinct specialties); all of them were men. To assess a possible surveillance bias, we compared differences in lag time between onset of symptoms and diagnosis of PD (diagnostic lag) for physicians and non-physicians. 32, 33 The median time between onset of symptoms and diagnosis was 0.8 years (range ϭ 0 to 4.5) in physicians vs 1 year (range ϭ 0 to 9.7) in nonphysicians (Wilcoxon rank sum test, p ϭ 0.5). In addition, the age at onset of PD was similar in physicians and nonphysicians (data not shown).
Two SOC groups showed a significantly decreased risk of PD using the medical records data but not using the telephone interview data: construction and extractive workers (e.g., miners, oil well drillers) and production workers (e.g., machine operators, fabricators). For construction and extractive workers, after adjustment for education (divided in four quartiles), the OR was 0.4 (0.2 to 0.9), p ϭ 0.02 for medical records data and 1.4 (0.6 to 3.2), p ϭ 0.5 for telephone interview data. After adjustment for smoking (ever vs never), the OR was 0.3 (0.1 to 0.7), p ϭ 0.006 (data from medical records). Stratifying analyses by type of respondent to the interview, the OR was 1.5 (0.4 to 5.6), p ϭ 0.5 for direct interviews and 1.3 (0.4 to 4.2), p ϭ 0.7 for proxy interviews. After adjustment by type of respondent, age, and sex, the OR was 1.3 (0.5 to 3.0), p ϭ 0.6. In sensitivity analyses considering only occupations held for 10 or more years, the OR showed a trend toward a decreased risk also for telephone interview data (see details below).
For production workers, after adjustment for education (divided in four quartiles), the OR was 0.2 (0.04 to 1.0), p ϭ 0.05 for medical records data and 0.7 (0.3 to 1.6), p ϭ 0.4 for telephone interview data. After adjustment for smoking (ever vs never), the OR was 0.3 (0.1 to 1.2), p ϭ 0.1 (data from medical records). Stratifying analyses by type of respondent to the interview, the OR was 0.7 (0.2 to 2.5), p ϭ 0.6 for direct interviews and 0.6 (0.2 to 2.0), p ϭ 0.4 for proxy interviews. After adjustment by type of respondent, age, and sex, the OR was 0.7 (0.3 to 1.6), p ϭ 0.4.
Farmers and agricultural workers (listed in table 2 under the broader category agricultural, forestry, and fishing) were not at significantly increased risk of PD in this population. When considering men only, the OR was 1.1 (0.6 to 1.9), p ϭ 0.8 using medical records data (all farmers documented in medical records were men), and 1.5 (0.8 to 2.5), p ϭ 0.2 using interview data. Median duration of farming was 29 years (range ϭ 1 to 72) for cases and 32 years (range ϭ 1 to 62) for controls, using interview data. Table 3 summarizes our findings for groups of specific occupations possibly related to toxic exposures (other than pesticides) or to infectious exposures and for occupations previously associated with PD in the literature. Two groups of occupations showed a decreased risk of PD that was significant using the telephone interview data and showed a consistent trend using the medical records data: engineers and metal workers. For engineers, after adjustment for education (divided into four quartiles), the OR was 0.3 (0.1 to 1.2), p ϭ 0.1 for medical records data and 0.2 (0.06 to 0.9), p ϭ 0.03 for telephone interview data. After adjustment for smoking (ever vs never), the OR was 0.3 (0.08 to 1.1), p ϭ 0.06 (data from medical records). Stratifying analyses by type of respondent to the interview, the OR was 0.3 (0.06 to 1.6), p ϭ 0.2 for direct interviews and 0.3 (0.03 to 4.1), p ϭ 0.4 for proxy interviews. After adjustment by type of respondent, age, and sex, the OR was 0.3 (0.08 to 1.2), p ϭ 0.09.
For metal workers, after adjustment for education (divided into four quartiles), the OR was 0.4 (0.1 to 1.4), p ϭ 0.2 for medical records data and 0.1 (0.03 to 0.7), p ϭ 0.02 for telephone interview data. After adjustment for smoking (ever vs never), the OR was 0.4 (0.1 to 1.2), p ϭ 0.1 (data from medical records). Stratifying analyses by type of respondent to the interview, the OR was 0.2 (0.02 to 2.0), p ϭ 0.2 for direct interviews and 0.1 (0.01 to 0.9), p ϭ 0.04 for proxy interviews. After adjustment by type of respondent, age, and sex, the OR was 0.1 (0.03 to 0.6), p ϭ 0.01.
Stratified, sensitivity, and validity analyses. For the occupations found to be associated with an increased or decreased risk of PD, we conducted a series of sensitivity analyses in which only jobs held for 10 or more years were considered. These analyses were restricted to data from telephone interview because of more complete information about job duration. The OR was 8.9 (1.1 to 72.1), p ϭ 0.04 for physicians, 0.6 (0.2 to 1.7), p ϭ 0.3 for construction and extractive workers, 0.6 (0.2 to 2.0), p ϭ 0.4 for production workers, 0.1 (0.03 to 0.6), p ϭ 0.01 for metal workers, and 0.3 (0.07 to 1.0), p ϭ 0.04 for engineers. Analyses for men and women separately showed that our significant associations of occupations with increased or decreased risk of PD were restricted primarily to men.
To address the effect of the incomplete overlap of the samples with medical record data and with interview data, we compared some demographic characteristics and some occupations of interest across cases and controls included and excluded in the interview (table 4; based on medical records information). The participation in the telephone interview of cases or case proxies was higher (74%) than the participation of controls or control proxies (64%). In addition, among participants, the direct interview rate was lower for cases (33%) than for controls (49%) ( figure E-1) . Cases included in the telephone interview were similar in age and sex distribution to those excluded. The pattern was similar for controls. The frequency of advanced education was significantly higher in cases included than in those excluded; however, the pattern was symmetric in controls (see table 4 ).
Discussion.
Our results suggest that subjects with higher education and physicians have an increased risk of PD, while subjects with some occupations presumed to involve high levels of physical activity (construction and extractive workers, production workers, metal workers, and engineers) have a reduced risk. This pattern of associations is only partly consistent with findings from the literature. A study based on the occupations listed on death certificates reported increased mortality rates from PD for teachers, medical personnel, machinists and machine operators, scientists, writers or designers or entertainers, administrative support personnel, and clerical workers. 9 The investigators hypothesized the role of infectious agents or of psychosocial stress. 9 Another study found an elevated risk of PD in teachers, medical workers, and social workers and suggested an etiologic role of respiratory infections. 11 We confirmed the finding for physicians but not for teachers or other occupations. None of the cases or * Analyses of data from medical records abstracting were conducted retaining the matching and were based on conditional logistic regression. † Analyses of data from telephone interview were conducted ignoring the matching and adjusting for sex and age (age at index year; median split) using logistic regression. ‡ SOC codes included the following: 1343 ϭ electricity, gas, water supply, and sanitary services managers, 1633 ϭ electrical and electronic engineers, 3711 ϭ electrical and electronic engineering technologists and technicians, 4234 ϭ technical sales workers, electronic equipment, 6150 -6159 ϭ electrical and telephone repairers (10 codes), 6314 ϭ supervisors: electricians and power transmission installers, 6430 -6433 ϭ electricians and power transmission installers, electricians, and electrical power installers and repairers, 6867 ϭ precision electrical and electronic equipment assemblers, 6930 -6932 ϭ power plant operators, stationary engineers, and power plant and systems operators except stationary engineers, 8635 ϭ helpers and electrical and electronic equipment repairs, 8643 ϭ helpers and electricians and power transmission installers. § SOC codes included the following: 1620 -1639 ϭ engineers, surveyors, architects (15 codes), 3700 -3719 ϭ engineering and related technologists and technicians (6 codes). All subjects listed in this job category were men. ʈ SOC codes included the following: 6450 ϭ plumbers, pipefitters and steamfitters, 6472 ϭ sheet metal duct installers, 6473 ϭ structural metal workers, 6540 ϭ mining machine operators, 6810 -6828 ϭ precision metal workers (12 codes), 7310 -7349 ϭ metal working and plastic working machine setup operators (22 codes), 7510 -7549 ϭ metal working and plastic working machine operators and tenders (20 codes), 7710 -7717 ϭ welders and solderers (3 codes), 8611-8614 ϭ helpers, metal and plastic working machine or processing machine operators and tenders, 8645 ϭ helpers, plumbers, pipefitters and steamfitters. All subjects listed in this job category were men except one woman in the telephone interview sample (a control). ¶ SOC codes included the following: 6420 ϭ carpenters and related workers, 6422 ϭ carpenters, 6440 ϭ painters, paperhangers, and plasterers, 6442 ϭ painters (construction and maintenance), 6832 ϭ cabinet makers and bench carpenters, 6835 ϭ furniture finishers, 6839 ϭ miscellaneous precision woodworkers. ** SOC codes included the following: 5050 ϭ housekeepers and butlers, 5070 ϭ private household cleaners and servants, 5240 -5249 ϭ cleaning and building service occupations (except private households) (7 codes), 8750 ϭ vehicle washers and equipment cleaners. † † SOC codes included the following: 1855 ϭ medical scientists, 5624 ϭ animal caretakers, except farm, 6871 ϭ butchers and meat cutters. ‡ ‡ SOC codes included the following: 2200 -2390 ϭ teachers, college, university and other postsecondary institutions (37 codes). § § SOC codes included the following: 1915 ϭ psychologists, 1916 ϭ sociologists, 2000 ϭ social, recreation, and religious workers, 2030 ϭ social and recreation workers, 2032 ϭ social workers, 2033 ϭ recreation workers, 2200 -2390 ϭ teachers, college, university and other postsecondary institutions (37 codes), 2600 -2890 ϭ health diagnosing and treating practitioners (8 codes). ʈʈ SOC codes included the following: 2600 -2890 ϭ health diagnosing and treating practitioners (8 codes), 2900 -3040 ϭ registered nurses, pharmacists, dieticians, therapists, and physician assistants (11 codes), 3600 -3690 ϭ health technologists and technicians (7 codes).
controls in our study were social workers using telephone interview data, and only one control was a social worker using medical records data (due to incomplete overlap of the two samples). A third study reported an association between ever working in a service occupation and decreased risk of PD. 12 We did not confirm this association. Finally, some studies investigated the association between welding and PD. 34, 35 We found only three controls and no cases who worked as welders using medical records data, and one control and no cases using telephone interview data (data not shown). A high risk for PD has been associated with farming 4-7 and pesticide exposure 4, 36, 37 ; however, farmers were not at significantly increased risk in our study. The agreement between medical record and interview data was limited for this occupational group. A number of cases reported farming early in their life when they lived on their parents' farm; however, this exposure was not documented in the medical record. Our findings may be partly explained by a surveillance bias caused by increased recognition and earlier detection of PD among educated subjects and physicians. 32, 33 Educated people and physicians may be more attentive to mild initial neurologic symptoms and may also have better access to specialistic care. In addition, a delay in diagnosis of PD may bias ascertainment using our records-linkage system whenever the subject died before being diagnosed. Against a selective increased recognition of PD, the time between onset of symptoms and diagnosis of PD was similar for physicians and non-physicians and for subjects with or without higher education. In ad-dition, our findings were similar for patients with onset of PD in the two decades (1975-1985 and 1986 -1995) .
The interpretation of the association of four occupational groups with reduced risk of PD found in this study remains uncertain. Some or all of these findings may be due to chance (type 1 errors), to some bias related to the nonparticipation in the telephone interview, or to confounding by lower education and resulting lower recognition of PD. For production workers, metal workers, and engineers, the results from medical records and interview data were quite consistent in our primary analyses. The results for construction and extractive workers were apparently discordant using the two sources of data; however, the results became consistent when limiting occupations from interview to jobs held for 10 or more years.
The Health Professionals Follow-up Study and the Nurse's Health Study suggested that higher levels of recreational physical activity are associated with a decreased risk of PD (with a 50% reduction for exercise occurring 10 years or more before onset). 21 To reconcile our findings with findings from previous studies, we propose to consider occupation as a surrogate for level of physical activity (rather than for exposure to infectious agents, toxic chemicals, or stress). 9, 11, 12 If physical activity is associated with a decreased risk of PD, we predict that individuals who have sedentary and office-based occupations should have an increased risk of PD. As predicted, teachers, medical personnel, machinists and machine operators, scientists, writers or designers or entertainers, administrative support personnel, and clerical workers were found at increased risk of PD in one study, 9 and teachers, medical workers, and social workers in another study, 11 and physicians in our study. By contrast, individuals who are required to use their motor skills extensively on their jobs are predicted to be at decreased risk of PD. As predicted, persons in service occupations were found at decreased risk of PD in one study, 12 and construction and extractive workers, production workers, metal workers, and engineers in this study. However, these associations do not imply causality. It is possible that physical activity (recreational or work related) is protective against PD. However, alternatively, persons predisposed to develop PD may avoid strenuous physical activity earlier in life.
Our study has a number of strengths. First, we included all incident cases of PD from a defined population over a defined time window and control subjects derived from the same population over the same time. Referral bias should be minimized. 32 Second, our study design minimized the risk of prevalence-incidence bias. 32 Because we used incidence cases instead of prevalent cases, we avoided the bias caused by a possible interaction between certain exposures and the survival following the onset of PD. 15, 32 Third, the availability of two sources of information about occupation allowed for an assessment of possible measurement biases. 32 The discrepancies of results using data from medical records and from interview observed for some occupations (e.g., physicians or construction and extractive workers) may have resulted from a difference in quality of the information or from a difference in sampling caused by the refusal of the telephone interview (incomplete overlap of the two samples). Information from medical records was available for 196 case-control pairs (97% of the original sample), while it was available from interview for 149 cases (74%) and 129 controls (64%). The agreement between medical record and interview data was excellent for occupations held for long periods of time and for subjects who had a clear professional qualification (e.g., physicians, lawyers, military). The agreement was less for occupations held for shorter periods (e.g., 2 or 3 years), and for individuals who had many different occupations with an unclear classification. In general, the telephone interview yielded a greater number of short jobs or part-time jobs, and more details about the specific tasks performed by the person and about duration. Because the information in medical records was accumulated historically at the time of routine medical encounters, without any standardized occupational questionnaire and not for research, the occupational data were incomplete. In summary, the quality of exposure information may be reduced for the interview data by the possibility of recall bias and by the use of proxies. 32, 38 On the other hand, the quality of the records data may be reduced by the incompleteness of the history. In addition, some instability in the ORs may simply reflect the small number of cases and controls involved.
Our study also has a number of limitations. First, our sample size was too small to detect weak associations, and several analyses involved a small number of subjects. In particular, the information collected through telephone interview was unavailable for 26% of cases and 36% of controls. This loss of information caused a loss of statistical power compared to the case-control study based on medical record abstracting. In addition, to avoid the loss of incomplete pairs, we ignored the matching in the analyses for telephone interview data. Second, our findings may be the result of chance (type 1 error) because multiple statistical tests were conducted. Using a more stringent alpha level (e.g., 0.01) most findings lost statistical significance. Our findings should be interpreted with caution and should be replicated in independent studies.
Third, because of the relatively limited sample size, we were forced to condense the 266 job codes (data from interview) or 222 job codes (data from records) into 21 categories. 27 This broad grouping of codes may have caused considerable heterogeneity of exposure within each category and may have biased the results toward the null. Therefore, we may have failed to detect effects that are specific for a particular occupation (or code) but that may be diluted in the broader category. Similarly, our nonsignificant findings for farming may be due to the specific farming practices common in Olmsted County. For example, if farming were linked to PD via the use of specific pesticides, this association would only be detected if the local crops involved the use of such chemicals. Farming in Olmsted County involves primarily the cultivation of corn, wheat, oats, and hay. Other crops such as fruits (including wine grapes) or vegetables are rare.
Fourth, the participation in the telephone interview was higher for cases than controls; however, among the participants more cases required a proxy than controls. We addressed the possible proxy respondent bias by conducting stratified analyses restricted to cases and controls with direct interview and to cases and controls with proxy interview. 32 None of the strata showed heterogeneity.
DECEMBER 1, 2005, IS DEADLINE FOR APPLICATIONS FOR AAN AWARD FOR CREATIVE EXPRESSION OF HUMAN VALUES IN NEUROLOGY
The "Creative Expression Award" recognizes an outstanding poem, short story, or work of creative nonfiction that artistically expresses human values in the practice of neurology. The competition invites creative writing that promotes compassion for persons suffering from neurological disorders and regard for the physicians who devote themselves to bettering the lives of those who are afflicted. The award is part of the AAN's efforts to enhance neurologists' ability to practice good medicine, with respect for the doctor-patient relationship and with concern for the patient as a person. For more information, visit the AAN Web site at www.aan.com/professionals/awards.
